The presence of a specific binding site for a hepta-&glucoside elicitor of phytoalexin accumulation has been demonstrated in soybean microsomal membranes. A tyramine conjugate of the elicitor-active hepta-8-glucoside was prepared and radiolabeled with 12sl. The labeled hepta-P-glucoside-tyramine conjugate was used as a ligand in binding assays with a total membrane fraction prepared from soybean roots. Binding of the radiolabeled hepta-P-glucoside elicitor was saturable, reversible, and with an affinity (apparent Kd= 
INTRODUCTION
Little is known about the molecular mechanisms by which plant cells perceive and transmit extracellular signals. This stands in contrast to the understanding of signal transduction in animal cells. A number of animal receptors have been purified and the genes encoding many of these receptors have been isolated and sequenced (for examples, see Hahn, 1989) . Animal receptors can be grouped into families based on common functional domains. Examples of such receptor families include steroid hormone receptors and G-protein coupled receptors. Steroid hormone receptors are hormone-dependem transcription factors with conserved DNA binding domains (Evans, 1988) . G-protein coupled receptors transmit their signal to the cell interior by way of the action of guanine nucleotide-binding proteins (Stryer and Bourne, 1986; Gilman, 1987; Birnbaumer et al., 1990 ) and appear to have seven conserved membrane-spanning domains (Lefkowitz and Caron, 1988) . The purification and characterization of animal receptors have been key steps in elucidating the role of the receptors in signal transduction pathways in animals.
The induced biosynthesis of phytoalexins, an important plant defense response, constitutes a good model system for the study of signal transduction mechanisms in plants (Dixon, 1986; Lamb et al., 1989) . The biosynthetic pathways of phenylpropanoid phytoalexins of severa1 legumes have been elucidated (Ebel, 1986; Templeton and Lamb, ' To whom correspondence should be addressed.
1988; Grisebach et al., 1989; Hahlbrock and Scheel, 1989) . The enzymes involved have been identified, a number of the enzymes purified, and some genes encoding those enzymes have been cloned. This has allowed the analysis of promoter regions (cis-acting elements) and the search for trans-acting factors (Lamb et ai., 1989) . In addition, the structures of molecules (elicitors) that induce phytoalexin synthesis, in particular certain oligosaccharides derived from fungal and plant cell wall polysaccharides, have been determined. The smallest elicitor-active p-glucan fragment isolated from fungal cell walls is a branched heptap-glucoside (Sharp et al., 1984a (Sharp et al., , 1984b . This hepta-p-glucoside was purified from a complex mixture of oligosaccharides released by partia1 acid hydrolysis from the mycelial walls of the soybean pathogen Phytophthora megasperma f sp glycinea. Structure-activity studies using a number of oligoglucosides structurally related to the elicitor-active hepta-p-glucoside have identified the structural requirements for effective induction of phytoalexin accumulation in soybean (Cheong et al., 1991) . Because information is available about both ends of the phytoalexin elicitation signal transduction pathway (i.e., signals and genes), this is an attractive system for elucidating the intermediate steps in the signal cascade, that is, perception of the inducer molecule (elicitor) by the plani cell and transmittal of the signal to the cell nucleus. We demonstrate here that a binding site for a hepta-p-glucoside elicitor exists in soybean microsomal membranes and that this binding site has properties characteristic of a physiologically effective receptor.
RESULTS

Preparation of Radiolabeled Elicitor
Previous work had shown that the presence of an iodophenoxyl group conjugated to the reducing end of the elicitor-active hepta-p-glucoside did not alter significantly the elicitor activity of the oligosaccharide (Cheong et al., 1991) . Thus, radio-iodination of the phenoxyl ring of a tyramine conjugate of the hepta-p-glucoside elicitor, using lodogen (Fraker and Speck, 1978) as the oxidizing agent, was chosen as the method for the preparation of the radiolabeled elicitor ligand, whose structure is shown in Figure 1 . A molar ratio of lZ5l to tyramine conjugate of 1 :I O typically yielded radio-iodinated oligosaccharides with specific radioactivities of -1 O0 Ci/mmol. Under these conditions, -70% of the lZ5l was incorporated into the hepta-P-glucoside-tyramine conjugate. The specific radioactivity of the radiolabeled elicitor could be adjusted by varying the ratio of iodine to elicitor.
Binding of Radiolabeled Hepta-P-glucoside Elicitor to Membranes from Different Soybean Tissues
The presence of hepta-P-glucoside elicitor binding sites in total membrane fractions isolated from different parts of soybean seedlings (root, hypocotyl, cotyledon, and leaf) was detected by incubating increasing amounts of each membrane preparation with radio-iodinated hepta-P-glucoside-tyramine conjugate. The data in Figure 2 show that each membrane preparation had some ability to bind the radiolabeled elicitor; the amount of elicitor bound correlated with the amount of each type of membrane (measured as milligrams of protein) present. Membranes prepared from soybean roots bound the greatest amount of hepta-P-glucoside elicitor per milligram of membrane protein. Thus, further characterization of the binding site was carried out with membranes isolated from root tissue.
Characterization of the Binding of Radiolabeled Hepta-@-glucoside Elicitor to Soybean Root Mem branes
The pH dependence of the binding to root membranes of radiolabeled hepta-p-glucoside elicitor was determined. Optimum binding was observed from pH 6.5 to 8 (data not shown). Binding of elicitor to the membranes dropped off rapidly at pH values less than 6 and greater than 8. Based on these results, binding assays were routinely carried out in 1 O mM Tris-HCI, pH 7.0.
Binding of radiolabeled hepta-p-glucoside elicitor to soybean root membranes was inhibited either by preincubation of the membranes at 60°C for 10 min or by treatment with a proteolytic enzyme, as shown in Table 1 . The binding site was stable to preincubation at 30°C for 30 min in the absence of protease. Heat-inactivated protease reduced the ability of the soybean membranes to bind hepta-p-glucoside by less than 20%.
The saturability of the binding of hepta-P-glucoside to the membrane binding sites was examined by incubating root membranes with increasing concentrations of the radiolabeled hepta-(3-glucoside. The results of this experiment, shown in Figure 3A , demonstrate that the binding was saturable and nonspecific binding was relatively low (<3% of specific binding at an initial ligand concentration of 5 nM). No further increase in specifically bound ligand was observed at higher initial ligand concentrations, whereas a linear increase in nonspecific binding was observed that reached 22% of specific binding at the highest initial ligand concentration used (1 6 nM) (data not shown).
Analysis of the specific binding data by the methods of Scatchard (Scatchard, 1949) or Woolf (Haldane, 1957; Keightley and Cressie, 1980) (Hill, 1913; Wold, 1971 ) of the specific binding data ( Figure 3D ) also indicates the presence of a single class of hepta-P-glucoside binding sites, and the Hill coefficient of =1 suggests that there is no cooperativity in the binding. Figure 4 shows the kinetics of binding and dissociation of the radiolabeled hepta-p-glucoside with the membranelocalized binding site. Association of the labeled heptap-glucoside to its binding site was more rapid than dissociation; half-maximum binding was achieved at 0°C within 20 min after adding the ligand. In contrast, dissociation of the radiolabeled hepta-p-glucoside from the binding site, in the presence of excess unlabeled ligand, was half complete after 2.5 hr at 0°C. Performing the binding experiments at room temperature (22°C) yielded more rapid kinetics for both association (t7,2 = 4 min) and dissociation (t7,2 = 6 min) (data not shown).
Specificity of the Hepta-8-glucoside Binding Site
The structural specificity of the binding site was examined by testing severa1 synthetic oligoglucosides structurally related to the hepta-p-glucoside elicitor for their ability to inhibit binding of the 1251-hepta-p-glucoside-tyramine conjugate to the membranes. The results, shown in Figure   5A , demonstrate that the membrane-localized binding site for the hepta-P-glucoside elicitor exhibits strong selectivity in terms of the oligoglucosides that are recognized efficiently. Those oligoglucosides (1, 2, 3, and 4, see Figure  58 for structures) in which the arrangement of glucosyl residues is identical to that found in the radiolabeled hepta-(3-glucoside-tyramine conjugate are equally effective inhibitors of ligand binding, requiring concentrations of 1 O nM to 20 nM to achieve 50% inhibition of binding. Other oligoglucosides that either differed in the arrangement of glucosyl residues (9 and 11) or were substituted with Nacetyl groups (5 and 6) or amino groups (7 and 8) required higher concentrations (1 O-fold to 10,000-fold) to achieve 50% inhibition of binding of the radiolabeled ligand. A mixture of heptaglucosides released from P. megasperma mycelial walls and a linear p-(1 + 6)-heptaglucoside (derived from pustulan) required 100-fold and 1000-fold higher concentrations, respectively, to reduce ligand binding by 50%, as shown in Table 2 . Diglucosides and triglucosides, including maltose [a-(l + 4)-diglucoside], a disaccharide structurally unrelated to the hepta-p-glucoside elicitor, were also able to inhibit binding of radiolabeled heptap-glucoside, although concentrations as high as 0.5 mM were required (Table 2) . Table 2 shows the correlation between the effectiveness of oligosaccharides as competitors in the ligand binding assay and the ability of the oligosaccharides to induce phytoalexin accumulation. Those oligoglucosides having a high elicitor activity were efficient competitors of the radiolabeled ligand, whereas biologically less active oligoglucosides were less efficient. Specifically, hexa-p-glucoside 4, hepta-p-glucoside 1 , nona-0-glucoside 2, and decap-glucoside 3 that have similar biological activities are equally efficient inhibitors of the binding of the radiolabeled hepta-p-glucoside. An amino-substituted hexaglucoside (7), that had eightfold lower elicitor activity than oligoglucosides 1 through 4, was about sixfold less efficient in the ligand competitions assay. A heptaglucoside (9) and an Nacetyl substituted hexaglucoside (5) that have -800-fold a Radiolabeled hepta-P-glucoside tyramine conjugate (-1 nM) was incubated with soybean root membranes (0.15 mg) as described in Methods. The amount of radiolabeled elicitor bound to the membranes was normalized to the amount bound to untreated membranes (control). Each datum is the average of three replicates.
Soybean root membranes were incubated with Pronase at the final concentrations indicated for 30 min at 30°C and then cooled to O°C before the addition of radiolabeled elicitor.
Pronase was heated at 100°C for 1 O min before incubation with the soybean root membranes.
Soybean root membranes were heated at 60°C for 1 O min and then cooled to 0°C before the addition of radiolabeled elicitor. Bound Ligand ( pMol/mg protein ) 
DISCUSSION
A large number of studies have demonstrated that fragments of fungal cell walls induce plant defense responses in plant tissues (reviewed in West, 1981 ; Darvill and Albersheim, 1984; Ryan, 1987; Anderson, 1989 Ebel and coworkers, using a somewhat purified elicitoractive mixture of fungal glucan fragments, have reported the existence of membrane-localized binding SiteS (Kd =: 1 O-8 M) for these glucan fragments in soybean membranes (Schmidt and Ebel, 1987; Cosio et al., 1988) . The heterogeneous nature of the glucan fragments used (i.e., both active and inactive fragments are present in these mixtures) raises questions concerning the connection between the binding sites identified in those studies and the activation of a specific plant defense response. We have demonstrated here that soybean membranes bind a homogeneous, radiolabeled hepta-p-glucoside phytoalexin elicitor. The binding site, which appears to be detectable in membranes isolated from four major parts of the soybean plant (Figure 2 ), appears to be a heat-labile protein or glycoprotein ( Table 1) . Binding of radiolabeled hepta-p-glucoside to its binding site in root membranes is saturable over a ligand concentration range of 0.1 nM to 5 nM ( Figure 3A ). This is comparable with, albeit somewhat lower than, the range of hepta-p-glucoside concentrations (6 nM to 200 nM) required to saturate the bioassay for phytoalexin accumulation (Sharp et al., 1984b (Sharp et al., , 1984c Cheong et al., 1991) . A single class of binding sites, with a high affinity for the hepta-P-glucoside elicitor (apparent Figure 5A ). Furthermore, there is a high degree of correlation between the ability of an oligoglucoside to induce phytoalexin accumulation and the ability to bind to soybean root membranes (Table 2) .
Thus, the binding site for the hepta-p-glucoside elicitor fulfills criteria expected of a bona fide receptor for this ligand (Venis, 1985) .
The results of the present study differ in severa1 notable respects from other work on glucan binding sites in soybean. This study was carried out with a homogeneous elicitor ligand having high biological activity (ECS0 =: 10-@ M), whereas other studies used either a ligand, mycolaminarin, having very low elicitor activity (Yoshikawa et al., 1983) , or a high-activity ligand (ECS0 =: lO-' M) that was heterogeneous (Schmidt and Ebel, 1987; Cosio et al., 1988) . Nonspecific binding of the labeled hepta-p-glucoside to soybean microsomal membranes was much lower than observed in other studies (Yoshikawa et al., 1983; Cosio et al., 1988) , less than 5% of maximum binding at saturation ( Figure 3A) . The association and dissociation kinetics for binding of the hepta-P-glucoside to its binding site determined in the present study are more rapid and showed more complete reversibility than those observed previously (Schmidt and Ebel, 1987; Cosio et al., 1988) . Whether these observed differences reflect differences in the binding sites identified in the different studies or are solely a consequence of the chemical nature of the radio- (A) Competitive inhibition assays. Labeled hepta-0-glucoside tyramine conjugate (1 .O6 nM) was incubated with soybean membranes (0.1 5 mg of protein) in the presence of increasing amounts of hepta-P-glucoside 1 (-O-), a-allyl-nona-p-glucoside 2 (--e-), deca-p-glucoside 3 (-A-), a-allyl-hexa-6-glucoside 4 (-O-), a-allyl-N-acetylglucosaminyl-penta-0-glucoside 5 (--U--), a-allyl-N-acetylglucosaminylpenta-P-glucoside 6 ( . . . ) a-propyl-glucosaminyl-penta-P-glucoside 7 (--0--), a-propyl-glucosaminyl-penta-P-glucoside 8 (--.A--.), hepta-p-glucoside 9 (-.O. -), a-allyl-tri-P-glucoside 10 (--A--), octa-@-glucoside 11 (. , . . .), and hepta-O-glucoside tyramine conjugate 12 (--0--). The numbers adjacent to the curves refer to the structures of the oligoglucosides shown in (B). Binding assays were carried out as described in Methods. The amount of radiolabeled elicitor remaining bound to the membranes was normalized to the amount bound in the absence of any unlabeled oligoglucoside. Each data point is the average of two replicates.
(B) Structures of synthetic oligoglucosides. Hydroxyl groups not involved in glycosidic linkages or located at the reducing end of the oligosaccharides have been omitted from the structures for clarity. Hepta-P-glucoside 1 Reduced hepta-p-glucoside 1 Hepta-P-glucoside-tyramine conjugate 12 a-Allyl-hexa-p-glucoside 4 a-Allyl-nona-p-glucoside 2 Deca-p-glucoside 3 Octa-p-glucoside 11 a-Propyl-glucosaminyl-penta-6-glucoside 7 a-Propyl-glucosaminyl-penta-P-glucoside 8 Hepta-P-glucoside 9 a-Allyl-N-acetylglucosaminyl-penta-P-glucoside 5 a-Allyl-M-acetylglucosamin yl-penta-p-glucoside 6 Crude Phytophthora heptaglucosides p-( Figure 58 .
Elicitor activities were determined using the soybean cotyledon bioassay as described in Methods. The relative elicitor activity (ECsO) is defined as the concentration of an oligosaccharide required to give half-maximum induction of phytoalexin accumulation (A/ASld = 0.5) in the cotyledon bioassay corrected to the standard curve for hepta-p-glucoside 1. The 95% confidence interval for the elicitor activity of hepta-p-glucoside 1 is 2.5 nM to 28 nM (Cheong et al., 1991) . required to give 50% inhibition of the binding of radiolabeled hepta-b-glucoside 1 to its binding site in soybean root membranes (see Figure 5A ). e NA, not assayed.
Concantration of oligosaccharide ND, no activity detected. labeled ligands used in these studies must await purification and characterization of the receptor molecule(s).
The hepta-P-glucoside binding site in soybean shows a remarkable specificity for elicitor-active oligoglucosides. Four oligoglucosides ranging in size from hexaglucoside to decaglucoside that are indistinguishable on the basis of their abilities to induce phytoalexin accumulation (Cheong et al., 1991) are equally effective competitive inhibitors of binding of the radiolabeled hepta-p-glucoside to its binding site ( Figure 5A ; Table 2 ). Interestingly, the tyramine conjugate of hepta-P-glucoside 1 is somewhat more efficient (threefold) as a competitive inhibitor in the binding assays than the underivatized hepta-(3-glucoside, suggesting that the tyramine moiety may contribute to the binding of the derivatized hepta-p-glucoside. Two other structurally related oligoglucosides, a hexasaccharide and a heptasaccharide, that have several-hundredfold lower biological activity, are also several-hundredfold less efficient as competitive inhibitors in the binding studies ( Figure 5A ; Table  2 ). Thus, there is no clear correlation between the binding affinity of these oligoglucosides and their degree of polymerization as observed by others (Cosi0 et al., 1988) , whereas there is a strict correlation with the ability of an oligoglucoside to induce phytoalexin accumulation (Table  2) . Indeed, the results of our binding studies confirm previous conclusions that a hexasaccharide structure is the minimum structure recognized by the binding site (Cheong et al., 1991 ). This conclusion is in accord with a number of studies on oligosaccharide binding sites of carbohydrate-binding proteins (e.g., antibodies and enzymes) that showed that a maximum of six or seven sugars can be accommodated in a binding site (Kabat, 1966; Kelly et al., 1979; Goldsmith and Fletterick, 1983; Young et al., 1983; Matsuura et al., 1984; Quiocho, 1986; Kabat et al., 1988; Glaudemans et al., 1989; Rouvinen et al., 1990) . Structure-activity studies described in the preceding paper (Cheong et al., 1991) identified structural elements of the hepta-@-glucoside elicitor that are essential for maximum biological activity. These structural elements include the branched trisaccharide at the nonreducing end of the hepta-p-glucoside and the attachment pattern of the sidechain glucosyl residues to the p-(1 -+ 6)-linked backbone. The results of the binding studies reported here suggest that these structural elements are also essential for effi-cient binding of the hepta-p-glucoside elicitor to the binding protein present in soybean membranes. Substitution of the terminal glucosyl residues in the nonreducing terminal trisaccharide with either glucosaminyl or N-acetylglucosaminyl residues reduced the ability of the oligosaccharides to competitively inhibit binding of the radiolabeled heptap-glucoside fivefold to 4500-fold ( Figure 5A ; Table 2), with the N-acetylglucosaminyl substitution having a greater effect. The more dramatic effect of the N-acetylglucosaminyl substitutions is probably attributable to greater steric hindrance caused by the bulk of the acetyl group. The reduced ability of hepta-P-glucoside 9 to compete with radiolabeled elicitor suggests that the altered arrangement of side-chain glucosyl residues results in a conformation of the oligoglucoside that is no longer able to bind efficiently to the binding protein. In summary, the results of the biological assays reported in the preceding paper (Cheong et al., 1991 ) and the binding studies described here suggest that the binding protein recognizes all or parts of the three terminal nonreducing glucosyl residues present in hepta-P-glucoside 1 . The precise identification of which atoms in the hepta-6-glucoside elicitor interact directly with the binding protein must await isolation of the binding protein(s) and functional dissection of the binding site.
The hepta-Sglucoside elicitor binding site described in this study is the first putative receptor for a defined "oligosaccharin" [oligosaccharide with biological regulatory properties (Albersheim et al., 1983; Albersheim and Darvill, 1985) l. A number of oligosaccharins have been identified, including those derived from funga1 (Kendra and Hadwiger, 1984; Sharp et al., 1984c; Barber et al., 1989) , plant (Hahn et al., 1981; Nothnagel et al., 1983; York et al., 1984; Fry, 1988, 1989a) , and, most recently, bacterial (Lerouge et al., 1990) glycoconjugates. These oligosaccharins regulate such diverse processes as the induction of plant defense responses Ryan, 1987; Hahn et al., 1989) , hormone responses (York et al., 1984; Branca et al., 1988; Fry, 1988, 1989b) , and plant development (Tran Thanh Van et al., 1985; Eberhard et al., 1989; Lerouge et al., 1990) . Thus, oligosaccharins constitute signals that trigger cellular responses, presumably by interacting with specific receptors to activate a signal transduction cascade. Purification and characterization of physiologically important oligosaccharin receptors is a first step toward elucidating at the molecular leve1 how this new class of regulatory molecules induces changes in cellular metabolism.
METHODS
Elicitors and Other Chemicals
The structures of the oligoglucosides used in this study are shown in Figure 5B . Chemically synthesized hepta-p-glucosides 1 and 9
[each a mixture of the reduced and reducing oligosaccharides, which have indistinguishable elicitor activities (Sharp et al., 1984b (Sharp et al., , 1984c Cheong et al., 1991) ], deca-0-glucoside 3, and octap-glucoside 11 were obtained from Per Garegg (University of Stockholm, Sweden); a-allyl-nona-p-glucoside 2, a-allyl-hexap-glucoside 4, a-allyl-N-acetylglucosaminyl-penta-p-glucosides 5 and 6, a-propyl-glucosaminyl-penta-p-glucosides 7 and 8, and a-allyl-tri-P-glucoside 1 O were from Tomoya Ogawa (RIKEN, Saitama, Japan). Void glucan elicitor and a mixture of hepta-0-glucosides were prepared from mycelial walls of Phytophthora megasperma f sp glycinea as described (Sharp et al., 1984c; Hahn et al., 1990) . Pustulan [(l + 6)-linked 0-o-glucan] was purified from a crude commercial preparation (Calbiochem, San Diego, CA) as described (Reese et al., 1962) . A heptaglucoside derived from pustulan was prepared as described (Cheong et al., 1991) . Tyramine, maltoheptaose, laminaribiose, gentiobiose, maltose, 0-D-thiOglUCOSe, and o-gluconic acid lactone were purchased from Sigma; carrier-free (13 to 16 mCi/pg of iodine) in dilute NaOH was from Amersham; lodogen was from Pierce; Pronase (nonspecific protease from Streptomyces griseus) was from Calbiochem.
Plant Material and Growth Conditions
Foundation quality soybean (Glycine max L cv Williams 82) was obtained from lllinois Foundation Seeds, Inc. (Champaign, IL) and stored at room temperature. Seed was from the newest crop available and was less than 12 months old. Soybean seedlings were grown as described (Cheong et al., 1991) .
Colorimetric Assays
Concentrations of oligosaccharide solutions were determined as glucose equivalents with the anthrone assay (Dische, 1962; Hahn et al., 1991) , using glucose as the standard. Where appropriate, glucose equivalent concentrations were corrected for the presente of unreactive glycosyl residues in the oligosaccharides (e.g., N-acetyl-glucosaminyl or glucitol residues) as described (Sharp et al., 1984b . Protein concentrations of the membrane preparations were estimated by the Bio-Rad Protein Assay based on the method of Bradford (Bradford, 1976) using bovine r-globulin as the standard.
Soybean Cotyledon Bioassay
The ability of various oligosaccharides to induce the accumulation of phytoalexins in soybean tissue was determined using the cotyledon bioassay as described (Cheong et al., 1991; Hahn et al., 1991) .
Preparation of Soybean Root Membranes
Crude total microsomal membranes were prepared from the roots of 9-day-old soybean seedlings. Seedlings were carefully removed from the soil/vermiculite, washed extensively under cold tap water to remove residual soil/vermiculite, and placed on ice. Roots were excised and kept on ice until homogenized. All subsequent steps were performed at 4' C. Soybean roots (-190 g, wet weight) were placed in a chilled Waring Blendor together with -250 mL of cold homogenization buffer (25 mM Tris-HCI, pH 7.0, containing 30 mM MgC12 and 2 mM dithiothreitol). Roots were homogenized three times for 1 O sec each. The root slurry was filtered through a double layer of Miracloth (Chicopee Mills, Inc., Milltown, NJ) and the filtrate centrifuged at 10,OOOg for 15 min. The supernatant was collected and microsomal membranes pelleted by centrifugation at 100,OOOg for 20 min. The surfaces of the membrane pellets were briefly rinsed with 0.5 mL of homogenization buffer and the pellets were frozen and stored at -8O' C until used. Membranes from hypocotyl, cotyledon, and leaves of soybean seedlings were prepared by the same procedures.
Preparation of Radiolabeled Hepta-8-glucoside Elicitor
The tyramine conjugate of hepta-b-glucoside 1 was prepared by reductive amination as described (Wang et al., 1984; Cheong et al., 1991) . The conjugate was purified by chromatography on BioGel P-2 as described (Cheong et al., 1991) .
Radiolabeling of the hepta-P-glucoside-tyramine conjugate was accomplished as follows: lodogen-coated test tubes were prepared as described in the preceding paper (Cheong et al., 1991 ). An lodogen-coated test tube was rinsed with 0.5 mL of 250 mM sodium phosphate, pH 7.5, and the test tube was drained. Hepta-P-glucoside-tyramine conjugate (3 nmol in 5 FL of 250 mM sodium phosphate, pH 7.5) was added to the bottom of the rinsed lodogen-coated test tube, followed by the addition of -0.5 mCi of Na1251, and the solution was allowed to stand at room temperature for 15 min. The radio-iodinated product was purified by chromatography on a disposable AG 1 -X8 (200 to 400 mesh, CIform) anion-exchange column (0.5 mL bed volume, Poly-Prep, Bio-Rad). The column had been washed with 5 mL of deionized water, blocked with 1 mL of maltoheptaose (10 mg/mL), and washed again with 5 mL of deionized water before loading the radio-iodination reaction mixture onto the column. The column was eluted with 4 mL of deionized water and 0.5-mL fractions were collected in 1 5 m L Eppendorf tubes. The first three fractions eluting from the column, containing -90% of the radiolabeled oligosaccharide, were pooled and stored at room temperature in a lead container for no longer than 2 weeks.
Binding Assays
The assays to determine binding of radiolabeled hepta-P-glucoside to microsomal membranes were carried out in binding assay buffer (10 mM Tris-HCI, pH 7.0, containing 1 M NaCI, 5 mM MgCI2, 2 mM dithiothreitol, and 7.5 mM each P-D-thioglucose and D-glUconic acid lactone) as follows. Microsomal membrane pellets were suspended in ice-cold binding assay buffer and briefly homogenized using a Teflon tissue homogenizer. Unless otherwise indicated, incubation mixtures contained microsomal membranes (-0.1 5 mg of protein) and '251-labeled hepta-P-glucoside (-100,000 cpm; 0.5 pmol to 0.6 pmol) in a total volume of 0.4 mL of binding assay buffer in 1.5-mL Eppendorf tubes. Samples were incubated in an ice-water bath for 2 hr. Incubations were terminated by adding a 300-pL aliquot of the assay mixture to 10 mL of ice-cold washing buffer (10 mM Tris-HCI, pH 7.0, containing 1 M NaCl and 10 mM MgC12) on a glass fiber filter (GF/B, Whatman, 2.5 cm) in a filtration manifold (Millipore, and rapidly filtering the solution with vacuum. The filters were washed three times with 10 mL of ice-cold washing buffer, and the amount of radioactivity remaining on the filters was measured directly using a y counter.
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